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Reaction of several nitrile oxides 2, isolated from the oxidative dehydrogenation of aldoximes by
chloramine-T, with vinyl acetate and acrylonitrile proceeds in better yield than if the nitrile oxides
are generated in situ. Solvent effects are also considered. All new isoxazoline products have been
characterized by 'H NMR, i3e NMR and mass spectral data.
Dipolar cycloadditions of nitrile oxides with ole-
finic compounds are of synthetic interest since the
product isoxazolines are versatile intermediates
for the synthesis of bifunctional compounds 1. The
usual synthesis of nitrile oxides involves the oxid-
ative dehydrogenation of aldoximes using oxidants
such as lead tetraacetate", alkali hypohalites ',
N-bromosuccinirnide in dimethylformamide fol-
lowed by base treatment", chloramine-T', mercu-
ric acetate" or l-chlorobenzotriazole 7 as well as
the reaction of nitro compounds with an aryl isoc-
yanate".
It is known that nitrile oxides react with acry-
lonitrile to give 5-cyano-4,5-dihydroisoxazolines,
but only a few examples have been cited (6;
R = CN, CH3, C2Hs, C6HS)' On the other hand,
reaction of nitrile oxides with 1,2-dicyanoethylene
leads exlusively to the formation of a cycloadduct
involving the cyanide and nitrile oxide functions 1•
In most 1,3-dipolar cycloadditions the nitrile ox-
ides were generated in situ either from hydroxi-
myI halides or from nitroalkanes in the presence
of alkenes 1. One of the problems has been the is-
olation of the nitrile oxides because of competing
dimerization or polymerization. This problem was
solved by us by reacting aldoximes with chlora-
mine-T (CAT) in alcohol at room temperatures. It
is interesting that most of the nitrile oxides are
stable in alcohol for 5 to 8 hr at room tempera-
ture or up to 40 hr in a refrigerator. For example,
3,4,5-trimethoxybenzonitrile oxide 2f (solid) can
be stored in the solid state for 6 to 7 hr in a refri-
gerator.
With these results we attempted to carry out
dipolar cycloadditions of vinyl acetate (3) and ac-
rylonitrile (4) with preformed benzonitrile oxides
and succeeded to synthesize the cycloadducts in good
yield. In a typical procedure, nitrile oxide 2, iso-
lated from aromatic aldoxime 1 using CAT, was
treated with vinyl acetate (3) in dichloromethane
at room temperature. The reaction was complete
within 20 to 30 min. The same reaction, when
carried out in ethyl alcohol, proceeded very slow-
ly at room temperature. For example, it took 36
hr at room temperature for 2f to react with 3 in
95% ethanol to give Sf as a crystalline solid, while
the reaction in dichloromethane required only 15
min. By contrast, the aliphatic nitrile oxide 2g
gave a cycloadduct in dichloromethane at room
temperature within 10 min but in very low yield
R- CH '" NOH chloramine - T ~ It _ c~ N _ 0 nlkcnc 3 or 4 > Rf~O
ethanol CH2CI2.r.t. ~
1 2 5a-r X - OAc;
6a-i X=CN
7r X = (MeO)2CJ-I3CH2
a) R = CJ-I,; b) R = Me-C6H.; c) R = MeO-C6l-I.; d) R = (OCH20)C~3; e) R = (MeO)2CJ-I3;
f) (MeO)3CJ-I2; g) R = isopropyl; h) R = n-propyl; i) n-pentyl
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(10 to 15% yield) and the remaining nitrile oxide
was converted to its dimer. In this case in alcohol
medium there was no further improvement in the
formation of cycloadduct,
When we carried out the reaction by forming
2a or 2f in situ from oxime 1 in the presence of
CATy we observed the formation of cycloadducts
5a and 5f respectively, but in low yield (10%) as
well as a mixture of other products. This indicates
the advantage of preforming the nitrile oxide be-
fore the addition of the alkene so that the pro-
ducts are obtained in highly pure form.
The structure elucidation of isoxazolines 5 and
6 was achieved by 'H, 13CNMR and mass spec-
tral data. F6r instance, CRO absorption was
found as a doublet of doublet at b 6.80 and 5.30
ppm for 5 and 6 respectively. Typically? the mass
spectra of 5 showed a base', peak at mJz
(MH+ - 60), corresponding to the loss of
CH3COOH whereas those of 6 showed a base
peak at mJz (MH+ - 27) corresponding to the
loss of HCN.
Finally, we applied this methodology to a non-
activated alkene such as eugenol methyl ether.
The cycloaddition of the latter with 2f proceeded
slowly in ethanol (48 hr, at room temperature)
without any dimerization of 2f to produce 7f,
whereas in dichloromethane only about 30% of 2f
added to the double bond and the rest was con-
verted to its dimer.
Experimental Section
General. 'H NMR (300 MHz) and 13C NMR
(75 MHz) spectra were measured on a Bruker
300 MHz spectrometer using CDC13 using te-
tramethylsilane as internal reference. The chemi-
cal shifts are expressed in b, and coupling con-
stants (1) in Hz. Mass spectra were obtained on a
Finnigan 4021 mass spectrometer at an ionizing
energy of 35 eY. Thin layer chromatography
(TLC) was done with pre-coated silica gel G
plates (Kieselgur 60, F254 Merck) using chloro-
form as eluent.
General procedure for the isolation of nitrile
oxide 2. Oxime (1 mmole) dissolved in 95% etha-
nol (5 mL) was treated with chloramine-T (1.2
mmoles) at room temperature. After 2 min of
swirling, the solvent was evaporated. The residue
was extracted with etehr and the organic layer
washed with IN NaOH (1 x 10 mL), brine solu-
tion (2 x 15 mL) and dried over anhydrous
Na2S04• Evaporation of the solvent yielded the
nitrile oxide 2 in good yield (7.0 to 90%). In 13C
NMR, the nitrile oxide carbon of 2f absorbed at
104.69 ppm.
General procedure for the cycloaddition.
Typical procedure for 3-phenyl-5-acetoxy-
4,5-dihydroisoxazole 5a. A solution of nitrile ox-
ide 2a (45 mg, 0.38 mmole) in dichlorometharie
(5 _mL)was_treated with vinyl acetate (~; 71 mg,
0.82 mmole) at room temperature and kept for 30
to 60 min. Evaporation of the solvent yielded an
oily substance. This was dissolved in a minimum
amount of chloroform, poured into pet. ether and
the precipitate 'Yasfiltered. TLC showed single spot.
The same procedure was used with acrylonitrile
4.
3-Phenyl-5-acetoxy-4,5-dihydroisoxazo)e (5a)
was obtained from 2a (60 mg, 0.45mmole) and 3
(93 mg, 1.08 mmoles) as a crystalline solid (85
mg) in- 82% yield, m.p. 90-92° (lit.5,10 90-90S,
81% yield); fH NMR: b 2.08 (s, 3H, CH3), 3.55
(dd, J= 18 Hz, IH, 4-H), 3.62 (dd, J= 18 Hz, 1H,
4-H), 6.83 (dd, J=6 Hz, 1H, 5-H), 7.44 (m, 3H
ArH), 7.71 (m, 2H, ArH); 13C NMR: b 21.00 (q,
CH3), 41.35 (t, 4-C), 95.88 (d, .s-c), 127.02 (d, 3',
5'-C), 128.22 (s. r-ei 128.86 (d, 2',6'-C), 130.82
(4'-C), 156.99 (s, 3-C), 169.50 (s, CO); rvJS:m/z
(relative intensity) for CnHnN03 206 (MH+, 0.3),
175 (MH+ -OCH3, 3), 163 (MH+ -COCH3, 6),
146 (MH+ - CH3COOH, 100).
3-(o!folyl)-5-acetoxy-4, 5-dihydroisoxazole
(5b) was obtained from 2b (70 mg, 0.47 mmole)
and 3 (93 mg, 1.08 mmoles) as a white crystalline
solid (40 mg) in 35% yield, rn.p. 85-87°; 'H
NMR: b 2.07 (s, 3H, CH3), 2.38 (s, 3H, CH3),
3.33 (dd, J= 18 Hz, 1H, 4-H), 3.56 (dd, J= 18
Hz, 1H, 4-H), 6.81 (dd, J= 8 Hz, 1H, 5-H), 7.22
(d, 2H, 3', 5'-H), 7.58 (d, 2H, 2', 6'-H); MS: m/z
(relative intensity) for C12H13N03 219 (MH+, 2),
188 (MH+ -OCH3, 5), 176 (MH+ -COCH3, 3),
159 (MH+ - CH3COOH, 100).
3-(~Methoxyphenyl)-5-acetoxy-4, 5-
dihydroisoxazole (5c) was obtained from 2c
(80 mg, 0.5 mmole) and 3 (93 mg, 1.08 mmoles)
as a pale yellow crystalline solid (86 mg) in 81%
yield, m.p. 138-40°; 'H NMR: b 2.08 (s, 3H,
CH3), 3.30 (dd, J= 18 ~z, IH, 4-H), 3.58 (dd,
J= 16 Hz, 1H, 4-H), 3.85 (s, 3H, OCH3), 6.80
(dd, J=6 Hz, 1H, 5-H), 6.95 (d, 2H, 3',5'-H),
7.64 (d, 2H, 2',6'-H); 13CNMR: b 21.03 (q, CH3),
42.17 (t, 4-C), 55.39 (q, OCH3), 95.92 (d, 5-C),
114.31 (d, 3', 5'-C), 121.20 (s, r-ei 128.86 (d,
2',6'-C), 156.50 (s, 4'-C), 160.80 (s, 3-C), 169.75
(s, CO); MS: m/z (relative intensity) for
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C12Hi3N04 236 (MH+, 1),205 (MH+-OCH3,
8),176 (MH+ -CH3COOH, 100).
3-(3' ,4' -Methylenedioxyphenyl)-5-acetoxy-4,5-
dihydroisoxazole (5d) was obtained from 2d (80
mg, 0.47 mmole) and 3 (93 mg, 1.08 mmoles) as
a white crystalline solid in 65% (80 mg) yield,
m.p. 123-24°; lH NMR: b 2.07 (s, 3H, CH3), 3.30
(dd, J= 18 Hz, 1H, 4-H), 3.55 (dd, J= 18 Hz, 1H.
2'-H), 7.29 (s, 1H, 6'-H); i3C NMR: b 20.97 (q,
CH3), 41.51 (t, 4-C), 95.86 (d, 5-C), 101.55 (t,
OCH20), 106.57 (d, 5'-C), 108.21 (d, 2'-C),
122.06 (d, 6'-C), 148.14 (s,'3'-C), 149.63 (s, 4'-C),
156.52 (s, 3-C), 169.68 (s, CO); MS: mlz (relative
intensity) for C12HllN05 249 (MH+, 2), 218
(MH+ -OCH3, 5), 189 (MH+ -CH3COOH,
100).
3-(3;, 4' -Dimethoxyphenyl)-5-aceto-xy-
4,5-dihydroisoxazole (5e) was obtained from 2e
(80 mg, 0.45 mmole) and 3 (93 mg, 1.08 mmoles)
as a white crystalline solid (90 mg) in 76% yield,
m.p. 138-40°; lH NMR; b 2.08 (s, 3H, CH3), 3.45
(dd, J= 18 Hz, 1H, 4-H), 3.70 (dd, J= 18 Hz, 1H,
4-H), 3.85 (s, 6H, OCH3), 6.50 (m, 2H, ArH),
6.75 (dd, J= 6 Hz, 1H, 5-H), 7.58 (d, 1H, ArH);
i3C NMR: b 21.11 (q, CH3), 44.17 (t, 4-C), 55.45
(q, OCJ:I3)' 95.92 (d, 5-C), 98.63 (d, 3'-C), 105.38
(d, 5'-C), 130.54 (d, 6'-C), 146.11 (s, 2'-C), 155.89
(s, 4'-C), 158.98 (s, 3-C), 170.05 (s, CO); MS: mlz
(realtive intensity) for C12H1SN05 265 (MH+, 4),
234 (MH+ -OCH3, 2.5), 205
(MH+ -CH3COOH, 100).
3-(3', 4', 5'-Trimethoxyphenyl)-5-acetoxy-
4,5~dihydroisoxazole (5f) was obtained from 2f
(100 mg, 0.50 mmole) and 3 (93 mg, 1.08
mmoles) as a white crystalline solid in 71%. (120
mg) yield, m.p. 118-20°; lH NMR: b 2.08 (s, 3H,
CH3), 3.35 (dd, J= 19 Hz, 1H, 4-H), 3.64 (dd,
J= 18 Hz, 1H, 4-H), 3.89 (s, 9H, OCH3),16.82
(dd, J= 6H, 1H, 5-H), 6.93 (s, 2H, 2',6'-H);13C
NMR: b 20.83 (q, CH3), 41.31 (t, 4-C), 56.35 (q,
3',5'-OCH3)' 60.72 (q, 4'-OCH3)' 95.92 (d, 5-C),
104.31 (d, 1',2'-C), 123.42 (s, r-ei 140.55 (3',5'-
C), 153.21 (s, 4'-C), 156.73 (s, 3-C), 169.45 (s,
CO); MS: mlz (relative intensity) for CI4H17N06
296 (MH+, 7), 265 (MH+ -OCH3, 1), 236
(MH+ - CH3COOH, 100), 146 (36). Anal. Calcd
for CI4H17N06: C, 56.98; H, 5.80; N, 4.70. Found
C, 56.12; H, 5.82; N, 4.65%.
3-Phenyl-5-cyano-4,5-dihydroisoxazole (6a)
was obtained from 2a (2 g, 0.016 mmole) and 4
(a slight excess) as a pale yellow crystalline solid
(2.5 g) in 88% yield, m.p. 68-70°; lH NMR: b
3.73 (dd, J= 7 Hz, 1H, 4-H), 3.75 (dd, J= 10 Hz,
1H, 4-H), 5.36 (dd, J= 10 Hz, IH, 5-H), 7.46 (m,
3H, ArH), 7.67 (m, 2H, ArH); i3C NMR: b 41.44 !
(t, <i-C), 66.49 (d, 5-C), 116.99 (s, CN), 127.03 (d,
3',5'-C), 128.99 (d, 2',6'-C), 131.21 (4'-C), 158.19
(s, 3-C); MS: mlz (relative intensity) for
CIOH8N20; 173 (MH+, 92), 146 (MH+ - HCN,
100),117 (3),104 (21).
3-(p-Tolyl)-5-cyano-4,5-dihydroisoxazole (6b)
was obtained from 2b (130 mg, 0.97 mmole) and
4 (1 mL) as a while crystalline solid (120 mg) in
67% yield, m.p. 70-72°; 1H NMR: b 2.40 (8, 3H,
CH3), 3.72 (dd, J= 6 Hz, 1H, 4-H), 3.74 (dd,
J= 10 Hz, 1H, 4-H), 5.34 (dd, J= 10 Hz, 1H,
5-H), 7.24 (d, 2H, 3', 5'-H), 7.54 (d, 2H, 2',6'-H);
BC NMR: b 21.49 (q, CH3), 41.22 (t, 4-C), 66.55
(d, 5-C), 119.5 (s, CN), 121.15 (s, r-ei 126.94 (d,
3',5'-C), 129.66 (d, 2',5'-C), 144.2 (s, r-c; 156.16
(s, 3-C); MS: mlz (relative intensity) for
CnHlON20 187 (MH+, 60), 160 (MH+ - HCN,
100),132 (1).
3-(p-Methoxyphenyl)-51-cyano-4, 5-
dihydroisoxazole (6c) was obtained from 2c
(130 g, 0.87 mmole) andi4 (1 mL) as a pale yel-
low crystalline solid in 80% (1"40 mg) yield,' m.p.
91-92°; lH NMR: b 3.70 (dd, J=6 Hz, IH, 4-H),
3.72 (dd, J= 10 Hz, 1,11, 4-H), 3.85 (s, 3H,
OCH3), 5.55 (dd, J= 10 1Hz, IH, 5-H), 6.94 (dt,
2H, 3', 5'-H), 7.59 (dt, 2f1, 2', 6'-H); i3C NMR: b
41.28 (t, 4-C), 55.36 (qj OCH3), 66.26 (d, 5-C),
117.17 (s, CN), 114.36 (d, 3', 5'-C), 119.70 (s, 1'-
C), 128.63 (d, 2',6'-C), 155.74 (s, 4'-C), 161.79 (s,
3-C); MS: mlz (relative intensity) for CnHlON202
203 (MH+, 86), 176 (MH+ - HCN, 100), 137
(40),134 (15):
3-(3', 4'-Methylenedioxyphenyl)-5-cyano-4, 5-
dihydroisoxazole (6d) was obtained from 2d (165
mg, 0.1 mmole) and 4 (1 mL) as a while crystal-
line solid (180 mg) in 83% yield, m.p. 85-8r; 'H
NMR: b 3.64 (dd, J=6 Hz, IH, 4-H),
3:67 (dd, J= 10 Hz, IH, 4-H), 5.32
(dd, J= 10 Hz, IH, 5-H), 5.98 (s, 2H,
OCH20), 6.78 (d, 1H, ArH), 6.97 (dd, IH,
ArH),! 7.08 (d, IH, ArH); i3C NMR: b 41.12 (t,
4-C), 66.38 (d, 5-C), 101.62 (t, OCH20), 106.40
(d, 5'-C), 108.21 (d, 2'-C), 117.11 (s, eN), 126.00
(d, 6'-C), 148.13 (s, 3'-C), 149.55 (s, 4'-C), 155.85
(s, 3-C); MS: mlz (relative intensity) for
CllH8N203 217 (MH+, 76), 190 (MH+ - HCN,
100),166 (12),148 (13).
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3-(3', 4'-Dimethoxyphenyl)-5-cyano-
4,5--dihydroisoxazole (6e) was obtained from 2e
(2 g, 0.01 mmole) and 4 (2 mL) as a pale yellow
crystalline solid (1.9 g) in 74% yield, m.p. 80-82°;
lH NMR: {) 3.82 (dd, J= 10 Hz, 2H, 4-H), 3.84
(s, 6H,OCH3), 5.27 (dd, J= 10 Hz, 1H, 5-H),
6.47 (d, 1H, ArH), 6.54 (dd, 1H, ArH), 7.72 (d,
1H, ArH); l3C NMR: {) 43.41 (t, 4-C), 55.43 (q,
OCH3), 66.25 (d, 5-C), 98.53 (d, 3'-C), 105.59 (d,
5'-C), 117.57 (s, CN), 130.62 (d, 6'-C), 145.33 (s,
2'-C), 158.86 (s, 4'-C), 163.20 (s, 3-C); MS: rnJz
(relative intensity) for C12H12N203 233 (MH+,
82),207 (MH+ - HCN, 100), 167 (76), 163 (49).
3-(3', 4', 5'-Trimethoxyphenyl)-5-cyano-4, s-at-
hydroisoxazole (6f) was obtained from 2f (2 g,
0.0095 mole) and 4 (2 rnL) as a while crystalline
solid (2.1 g) in 85% yield, m.p. 132-33°; 'H NMR:
{) 3.72 (dd, J= 10 Hz, 1H, 5-H), 6.88 (s, 2H, 2',
6'-H); 13C NMR: {) 41.12 (t, 4-C), 56.35 (q,
OCH3), 66.30 (d, 5-C), 104.55 (d, 1',2'-C), 117.80
(s, CN), 140.25 (s, 3',5'-C), 153.27 (s.: 4'-C),
161.25 (s, 3-C); MS: rnJz (relative intensity) for
C13H14N204 263 (MH+, 94), 248 (2), 236
(MH+ - HCN, 100). Anal. Calcd for C13H14N204:
C, 59.54; H, 5.38; N, 10.68. Found: C, 59.22; H,
5.41; N,60.54%.
3-Isopropyl-5-cyano-4,5-dihydroisoxazole (6g)
was obtained from 2g (2.2 g, 0.025 mole) and 4
(8 rnL) as an oil (0.35 g) in 10% yield; 'H NMR:
{) 1.2 (d, J= 18 Hz, 6H, CH3), 2.78 (m, 1H, CH),
3.30 (dd, J= 12 Hz, 1H, 4-H), 3.33 (dd, J= 18 Hz,
1H, 4-H), 5.18 (dd, J= 10 Hz, 1H, 5-H); 13C
NMR: {) 19.82 (q, CH3), 19.97 (q, CH3), 27.56 (d,
CH), 41.38 (t, 4-C), 65.57 (d, 5-C), 117.27 (s,
CN), 163.14 (s, 3-C); MS: rnJz (relative intensity)
for C7HlON20 139 (MH+, 100), 112
(MH+ - HCN, 58), 97 (3), 70 (9).
3-n-Propyl-5-cyano-4,5-dihydroisoxazole (6h)
was obtained from 2h (2g, 0.023 rnrnole) and 4 (7
rnL) as an oil (0.35 g) in 11% yield; 'H NMR: {)
1.00 (q, 3H, CH3), 1.63 (m, 2H, CH2), 2.4 (t, 2H,
CH2), 3.30 (d, J= 14 Hz, 1H, 4-H), 3.40 (d,
J= 20 Hz, 1H, 4-H), 5.15 (dd, J= 10 Hz, 1H,
5-H); 13CNMR: {) 13.52 (q, CH3), 19.50 (t, CH2),
28.77 (t, CH2), 43.8 (t, 4-C), 65.43 (d, 5-C),
117.31 (s, CN), 158.55 (s, 3-C); MS: rnJz (relative
intensity) for C7HlON20 139 (MH+, 100), 138 (3),
123 (10),112(20),110 (21).
3- n-Pentyl-5-cyano-4,5-dihydroisoxazole (6i)
was obtained from 2i (3.4 g, 0.029 mole) and 4 (8
mL) as an oil in 15% (0.54 g) yield; 'H NMR: {)
0.85 (t, 3H, CH,), 1.27 (m, 4H, CH2), 1.53 (m,
2H, CH2), 2.34 (t, 2H, CH2), 3.21 (d, J= 14 Hz,
1H, 4-H), 3.24 (d, J= 10 Hz, 1H, 4-H), 5.08 (dd,
J= 10 Hz, 1H, 5-H).
Preparation of 3-(3',4',5'-trimethoxyphenyl)-5-
(3", 4"-dimethoxybenzyl)-4, 5-dihydroisoxazole
(7f). To a solution of eugenol methyl ether (0.1
rnL, 0.1095 rnrnole) in dichloromethane (15 rnL)
was added nitrile oxide 2f (0.100 g, 0.147 rnrnole)
at room temperature. After 30 min the solvent
was evaporated and the product in chloroform
passed through a column to yield 57 mg (30%) of
the cycloadduct 7f.
Similarly, eugenol methyl ether (0.2 rnL, 0.219
rnrnole) in ethanol (10 mL) was treated with 2f
(0.200 g, 0.94 rnrnole) at room temperature and
kept aside for 36 hr. During this time, part of the
cycloadduct crystallized. It was filtered and dried,
yield 150 mg. Evaporation of the mother liquor
gave a crude product which after purification by
repeated crystallization from chloroform-pet.
ether (1:5 v/v) gave 0.130 of the pure cycloadduct
7f (total yield 80%). The 'H NMR spectrum of
this product was superirnposable on the one pu-
blished".
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